A number of bacterial products, including bacterial toxins, have been shown to act as T-cell mitogens for mouse and human lymphocytes (1-6, 12-14, 17, 19, 22 ; M. L. Misfeldt, Clin. Immunol. Newsl. 9: [21] [22] [23] [24] 1988) . The ability of these molecules to induce lymphocyte proliferation is dependent on the presence of accessory cells (6, 12-14, 17, 19, 22) . For staphylococcal enterotoxin B and toxic shock syndrome toxin 1, accessory cells are required for presentation of the molecule but not for processing (14, 17) . In contrast, Mycoplasma arthritidis supernatant, a known T-cell mitogen, requires accessory cells for both processing and presentation in order to induce T-cell proliferation (3) . Furthermore, a recent report indicates that cytokine(s) produced by the accessory cells may play a role in the M. arthritidis supernatant stimulation of T lymphocytes (2) .
Our laboratory has been examining the immunomodulatory activity of a bacterial toxin, Pseudomonas aeruginosa exotoxin A (8) (9) (10) (11) 16) . Pseudomonas exotoxin A, an ADPribosylating toxin, has been shown by our laboratory to enhance the ability of athymic nude splenocytes to respond to thymus-dependent antigens (8, 15) . In addition, we have observed that exotoxin A induces the lymphoproliferation of athymic nude splenocytes (11, 16) . We observed that immunoglobulin-negative and la-cells in athymic splenocytes were induced to proliferate by Pseudomonas exotoxin A and that this proliferation could be enhanced by the addition of nude peritoneal exudate cells (PEC) (11) . Furthermore, recent studies have shown that exotoxin A can induce the proliferation of murine thymocytes, which requires the participation of accessory cells (16 
RESULTS
Requirement for accessory cells for toxin-induced thymocyte proliferation. We had previously observed that Pseudomonas exotoxin A could induce lymphoproliferation which was dependent on accessory cells (10, 16) . Since exotoxin A induced the proliferation of a non-B-cell population in athymic nude splenocytes (10), we examined exotoxin A for its ability to induce murine thymocytes to proliferate (Fig. 1 lated PEC. To determine whether cytokines were involved in the toxin-induced thymocyte proliferation, PEC were stimulated with exotoxin A, and the resulting 24-h supernatant was added directly to the thymocytes. Supernatant from PEC stimulated with exotoxin A could induce murine thymocytes to proliferate (Fig. 2) . In addition, PEC allowed to attach to plastic tissue cultures dishes overnight were able to produce a monokine(s) that could induce murine thymocytes to proliferate when the adherent cells were stimulated with exotoxin A. In contrast, supernatant from nonadherent PEC stimulated with exotoxin A failed to induce thymocytes to proliferate. These results indicate that adherent PEC, probably macrophages, are producing the thymocyte mitogenic activity.
Antibody to exotoxin A fails to inhibit thymocyte mitogenic activity in supernatant. In order to rule out the possibility that residual exotoxin A was stimulating the murine thymocytes to proliferate, we performed the experiment whose results are shown in Fig. 3 . PEC were stimulated with exotoxin A in the presence or absence of a goat antibody reactive with exotoxin A. The supernatants from these cells were collected at 24 h and examined for the ability to induce thymocytes to proliferate. Furthermore, antibody to exotoxin A was incubated with a sample of the supernatant from toxin-stimulated PEC prior to its addition to thymocytes. Antibody to exotoxin A abrogated the ability of toxin to stimulate the production of a thymocyte mitogenic factor from the PEC (Fig. 3) . In contrast, supernatant from PEC stimulated by toxin could induce thymocytes to proliferate even in the presence of antibody to the toxin. These results indicate that the thymocyte mitogenic activity associated with supernatant from PEC stimulated with exotoxin A is not due to residual exotoxin A in the supernatant.
Characterization of supernatant activity. The supernatant activity was found to be trypsin sensitive (unpublished observations), indicating that the active moiety in the supernatant was protein in nature. In order to determine an approximate molecular mass for this active protein moiety, we centrifuged supernatants through Centricon 10 microconcentrators (Amicon Corp., Danvers, Mass.). The effluents and eluates were assayed for thymocyte mitogenic activity (Fig. 4) . The only thymocyte mitogenic activity observed was found associated with a protein(s) that had a molecular mass greater than 10 kilodaltons. These results indicate that exotoxin A induces a >10,000-dalton molecule(s) which contains thymocyte mitogenic activity.
Supernatant from PEC stimulated by toxin supports DIO.G4.1 growth. Since the active fraction was associated with a molecule(s) of >10,000 daltons, we examined supernatant from toxin-stimulated PEC for the presence of IL-1. Supernatant was assayed for IL-1 activity on the D1O.G4.1 cell line, a cloned helper T-cell line which requires IL-1 for growth (Fig. 5) Antibody to IL-1 inhibits supernatant activity. The D10 bioassay indicated that IL-1 was present in supernatant from PEC or adherent PEC that had been stimulated with exotoxin A. Therefore, in order to determine whether IL-1 was responsible for the thymocyte mitogenic activity associated with the supernatant, we incubated supernatant with a polyclonal rabbit antibody to rIL-lcx prior to addition of the supernatant to thymocytes. The antibody to rIL-la inhibited the ability of the supernatant from exotoxin A-stimulated 11150}- PEC to induce thymocyte proliferation (Fig. 6 ). These results suggest that IL-1 plays a role in exotoxin A-induced murine thymocyte proliferation.
DISCUSSION
The data presented here show that Pseudomonas exotoxin A, an ADP-ribosylating toxin produced by P. aeruginosa, can induce murine thymocytes to proliferate and that the thymocyte proliferation requires the presence of accessory cells or an accessory cell signal(s) ( Fig. 1 and 2 ). Accessory cells are required for T-cell mitogenesis induced by lectins, such as ConA or phytohemagglutinin, and bacterial products, such as staphylococcal enterotoxins and M. arthritidis supernatant (20, 21) .
In this report, we describe the ability of Pseudomonas exotoxin A to stimulate the production of a cytokine(s) from adherent peritoneal macrophages which can induce murine thymocytes to proliferate (Fig. 2) . Nonadherent PEC stimulated by toxin produced very little thymocyte mitogenic activity. Furthermore, when the nonadherent PEC were subjected to additional adherence to plastic, the remaining thymocyte mitogenic activity was eliminated (unpublished observations). Since exotoxin A could be found in the supernatant, we ruled out the possibility that intact residual toxin was directly stimulating the thymocytes by incubating the supernatants with a goat antibody reactive with exotoxin A. The thymocyte mitogenic activity associated with the supernatant was shown not to be dependent on residual exotoxin A, as the antibody failed to inhibit the ability of the supernatant to induce thymocyte proliferation (Fig. 3) . In contrast, if the antibody was added prior to toxin addition to PEC, no thymocyte mitogenic activity was observed. These results indicate that exotoxin A must interact with PEC in order for PEC to produce the mitogenic activity. Recently we have shown that exotoxin A requires processing by PEC in order to stimulate the production of mitogenic activity (P. K. Legaard and M. L. Misfeldt, submitted for publication). Finally, we have shown that thymocyte mitogenic activity is associated with a protein molecule(s) of >10,000 kilodaltons. Thymocyte mitogenic activity was shown to require IL-1, since IL-1 was present in the supernatant from toxin-stimulated PEC as determined by the D10 bioassay and since antibody to IL-1 inhibited the thymocyte mitogenic activity of the supernatant (Fig. 5 and 6 ). Therefore, IL-1 produced by PEC stimulated with exotoxin A could induce murine thymocytes to proliferate. The IL-1 could be functioning as the sole signal for thymocyte proliferation, or it may induce other cytokines, such as IL-6, which could participate in the thymocyte proliferation (8) . Another possibility is that IL-1 functions as a cosignal with some as-yet-unidentified molecule. Experiments to delineate these possibilities are currently being studied in the laboratory.
A number of bacterial products have been shown to act as T-lymphocyte mitogens, including staphylococcal toxins and M. arthritidis supernatant (2-6, 12-14, 17, 19, 22) . Both staphylococcal toxins and M. arthritidis supernatant may mimic the murine T-cell proliferative responses to Mls loci differences (12, 13, 17) because they stimulate a significant percentage of T cells to proliferate at concentrations several magnitudes lower than conventional T-cell mitogens such as phytohemagglutinin or ConA do (13) . Therefore, both staphylococcal toxins and M. arthritidis supernatant have been termed superantigens, since they stimulate a large population of T lymphocytes to proliferate and they require major histocompatibility complex class II antigen-presenting cells to induce T-cell proliferation (2, 3, 6, 12-14, 17, 22) . However, these bacterial superantigens may require different functions from accessory cells. The staphylococcal toxins require accessory cells for presentation of the toxin (6, 14, 17, 19) . In contrast, M. arthritidis supernatant requires accessory cells for processing and presentation an accessory cell-derived cytokine(s) (2, 3) . Therefore, the experimental results described in this study suggest that Pseudomonas exotoxin A may require accessory cells in a manner similar to that observed for M. arthritidis supernatant. Thus, both Pseudomonas exotoxin A and M. arthritidis supernatant may be representative of a subset of superantigens which can induce T-lymphocyte proliferation and which requires accessory cells or an accessory cell signal(s) such as IL-1. Finally, this report shows that Pseudomonas exotoxin A induces IL-1, which may play a role in the pathogenesis of P.
aeruginosa.
